Little is known of how the genetic background effects the phenomenon of genomic imprinting. The H19 gene belongs to a cluster of imprinted genes on human chromosome 11. Here we show that the alternative splicing of a human H19 transcript is genotype-specific. Moreover, this variant transcript, which lacks exon 4, is either not found at all, is widely expressed or is confined to extra-villous cytotrophoblasts in first trimester placenta, depending on a combination of the genotype and the sex of the transmitting parent.
Introduction
Epigenetic imprints mark a subset of autosomal loci to be active in a parent of origin dependent manner (Ohlsson, 1999) . The human H19 gene is expressed preferentially from the maternal allele (Zhang et al., 1993) to generate a cytoplasmic RNA which is highly expressed in a wide range of human prenatal and postnatal tissues (Ohlsson et al., 1994; Ekstrom et al., 1995) . We show here that the H19 gene produces an alternatively spliced transcript that lacks exon 4. The variant H19 transcript is linked with only one type of allele, which is marked by a diagnostic Alu I site. In situ hybridization analysis revealed that the minor variant transcript was either altogether absent, expressed in all H19-positive cells or expressed in extra-villous cytotrophoblasts only. This pattern of expression is likely to reflect a synergistic interaction between the H19 genotype and its parent of origin.
Initially, we screened for alternative upstream exons of the H19 gene, using the primers used by Doyle et al. (1996) . Although a variant H19 transcript was uncovered in the JEG-3 choriocarcinoma cell line (Fig. 1) , subsequent cloning and sequencing analysis revealed that instead of novel 5′ exons, the variant H19 transcript lacked exon 4 (Fig. 1a-d) . Using an Alu I polymorphic site that is located at the very 5′ end of exon 5 (Zhang and Tycko, 1992) , we screened this minor variant transcript in 58 different subclones of the JEG-3 choriocarcinoma cell line. The results showed that the minor variant transcript was always derived from the Alu I cutting allele ( Fig. 1e,f ; Table 1 ). In contrast, the full length H19 transcript was derived from the Alu I cutting or non-cutting allele in random patterns among the subclones, as has been described previously (Table 1) (He et al., 1998) . Furthermore, the data documents that parental alleles of an imprinted gene can produce differentially processed transcripts (Table 1) . Mechanisms of Development 82 (1999) 195-197 0925-4773/99/$ -see front matter © 1999 Elsevier Science Ireland Ltd. All rights reserved. PII: S0925-4773(99)00009-X Next, we screened the presence of variant H19 transcripts in 30 different placenta specimens. Of these, six specimens were homozygous for the Alu I cutting allele and eight were homozygous for the non-cutting allele, respectively, whereas 16 specimens were heterozygous for the polymorphic Alu I site (Table 2) . When these specimens were grouped according to genotype and H19-allelic usage, it was evident that we could observe the splice variant only in cells which also have the full length transcript produced from the Alu I cutting allele, (Fig. 2 and Table 2 ). The data from the JEG-3 subclones and the placenta specimens, collectively allows us to conclude that the H19 splice variant is genotype-specific since it is without exception derived only from the Alu I cutting allele.
Although the paternally-derived H19 allele is generally inactive during prenatal development, it has been documented to escape inactivation in a small subpopulation of placental cells, termed extra-villous cytotrophoblasts (Adam et al., 1996) . It occurred to us that the pattern of distribution of the variant H19 transcript should differ from the normally spliced H19 transcript, depending on the allele type and its parental origin. This is clearly the case, since the expression pattern of the variant H19 transcript, as detected by an 35 Slabeled oligo DNA probe specific for the variant transcript, is linked with the Alu I-cutting allele whether it is paternally or maternally expressed, as exemplified in Fig. 3 . Only extra-villous cytotrophoblasts express, therefore, the variant transcript when the Alu I-cutting allele is paternally derived. Conversely, the variant and the normally spliced H19 transcripts overlap completely when the Alu I cutting allele is maternally derived in human placenta and embryos (Fig. 3 and data not shown).
Materials and methods

Genotyping and expression analyses
H19 Rsa I and Alu I polymorphic status of DNA extracted (d) depict the Alu I-specific sequence polymorphism that was used to identify the H19 genotype. (e) RT-PCR analysis using 5′-labeled I2 primer followed by Alu I digestion. (f) RT-PCR analysis using 5′-labeled E5 primer) followed by Alu I digestion. Large and small arrows depict the normally, and alternatively, spliced transcripts, respectively. A, Alu I non-cutting allele; B, Alu I cutting allele. See text for further details. Table 1 Allelic origin of alternatively spliced H19 transcripts in JEG-3 subclones. A, Alu I non-cutting allele; B, Alu I cutting allele; A Ͻ B, A is 1-5 times weaker then B; A = B, A is equal to B; A > B, A is 1-10 times stronger than B; A >> B, A is more than 10 times stronger than B.
Normally spliced A Ͻ B A= B A>B A>>B Splice variant -/B -/B -/B -/B Number of samples 3 6 41 8 Fig. 2 . The variant H19 transcript is genotype-specific. RT-PCR analyses of total cellular RNA extracted from human placenta were performed using a 5′-labeled I2 primer. The variant H19 transcript is absent in placenta specimens that only express the Alu I non-cutting allele (A).
from the placental and the corresponding decidual samples which were obtained by legal elective terminations carried out at the Karolinska hospital, was established by PCR amplification and subsequent product digestion using: Primer pair 2 and 3 for the Rsa I polymorphism (Ogawa et al., 1993) ; and primer pair HP1 and HP2 for the Alu 1 polymorphism (Hashimoto et al., 1995) .
To determine the allelic origin of the normally spliced H19 transcript, we performed RT-PCR analyses using a 32 Plabeled E5 primer and cold I2 primer. followed by Alu I digestion, as described in Doyle et al. (1996) , with some changes in the PCE conditions: the reaction mixture was denatured for 4 min at 94°C, cycled 25 times (94°C, 1 min; 59°C, 1 min; 72°C, 1.5 min), followed by a 5 min extension at 72°C. The labeled PCR products were subsequently analysed on 8% acrylamide-urea sequence gels. The allelic origin of the variant transcript was determined as above, except that a cold E5 primer and 32 P-labeled I2 primer were used (see Fig. 1a ). The bands were quantitated using a Fuji phosphorimager.
Allele-specific in situ hybridization (ASISH) analysis was performed as has been described previously (Adam et al., 1996) . The spatial distribution of the splice variant was examined by using a 35 S-labeled antisense oligo probe (E3-5: 5′-TTCCTCTAGCTTCACCTTTCATGTTGTGG) that spans the boundary of exons 3 and 5 and the protocol of the ASISH approach, as described in Adam et al. (1996) . Positive signals could be seen only in placental specimens with an active Alu I cutting H19 allele (Fig. 3 and data not shown). *A and B denote transcripts derived from the Alu I non-cutting and cutting allele, respectively. Fig. 3 . Comparison of H19 allele usage and spatial distribution of the variant H19 transcript in human placenta. Allele-specific in situ hybridization analysis and analysis of spatial distribution of splice variants was performed as outlined in the materials and methods. The co-segregation of the Rsa I and Alu I polymorphic markers allowed identification of the parental alleles as is indicated in the figure. The expression patterns are represented by scanned X-ray films. Arrows depict extra-villous structures. Magnification is 2-fold.
